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A fill-level measuring device includes a self-learn device that
can calculate the length of the dome shaft, the container
height, the permeability value of a feed material or the per-
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of one or several determined speed values of echoes of a
measured echo curve. In this manner the accuracy of fill level
determination can be improved.
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1
DEVICE AND METHOD FOR DETERMINING
MEDIA AND CONTAINER PROPERTIES

REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of the filing date of EP
Patent Application Serial No. EP 11 167 953.6 filed 27 May
2011 and U.S. patent application Ser. No. 61/490,752 filed 27
May 2011, the disclosures of both applications are hereby
incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to fill level measuring. In
particular, the invention relates to a fill-level measuring
device for determining the position of a fill level of a feed
material and/or of an interface between two feed materials in
a container for determining media characteristics and con-
tainer characteristics when measuring fill levels of any kind,
to a corresponding method, to a program element and to a
computer-readable medium.

BACKGROUND INFORMATION

In fill level sensors operating according to the FMCW or
pulse-transit time method, electromagnetic or acoustic waves
are emitted in the direction of a feed material surface. Fol-
lowing this, a sensor records the echo signals reflected by the
feed material, by the objects built into the container, and by
the container itself, and from this derives the position of a
surface of at least one of the feed materials contained in the
container.

With the use of acoustic or optical waves the signal gener-
ated by the fill-level measuring device generally propagates
freely in the direction of the feed material surface to be
measured. In devices that use radar waves for measuring the
feed material surface, both free propagation in the direction of
the medium to be measured can be considered, and propaga-
tion in the interior of a waveguide that guides the radar waves
from the fill-level measuring device to the medium. In devices
operating according to the principle of the guided microwave
the high-frequency signals are guided along a waveguide to
the medium.

At the surface of the medium or fill level to be measured,
some of the arriving signals are reflected and after a corre-
sponding transit time return to the fill-level measuring device.
The non-reflected signal components penetrate the medium
and in the medium continue to propagate, corresponding to
the physical characteristics of the medium, in the direction of
the container bottom. At the container bottom these signals,
too, are reflected and after passing through the medium and
the overlaid atmosphere return to the fill-level measuring
device.

The fill-level measuring device receives the signals, which
have been reflected at different positions, and from them
determines the distance to the feed material according to
known methods.

The determined distance to the feed material is made avail-
able externally. Such provision can be implemented in an
analog form (4.20 mA interface) or in a digital form (fieldbus)

All the methods share a common feature in that on its way
from the fill-level measuring device to the feed material sur-
face the signal used for measuring is normally in the region of
influence of a further medium, which hereinafter is referred to
as the overlay medium. This overlay medium is situated
between the fill-level measuring device and the surface of the
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medium to be measured, and is generally represented by a
liquid or by a gaseous atmosphere.

In a predominant number of applications there is air above
the medium to be measured. Since the propagation of elec-
tromagnetic waves in air differs only insignificantly from that
in a vacuum, there is no need to carry out any special correc-
tions of the signals that are reflected, through the air back to
the fill-level measuring device, by the feed material, by the
objects built into the container, and by the container itself.

Furthermore, however, in process containers of the chemi-
cal industry many types of chemical gases and gas mixtures
can occur as overlay media. Depending on the physical char-
acteristics of these gases or gas mixtures, the propagation
characteristics of electromagnetic waves are changed when
compared to propagation in a vacuum or in air.

Known attempts at determining media characteristics and
container characteristics are often associated with significant
weaknesses.

SUMMARY OF THE INVENTION

It would be desirable to have a robust method and a device
for determining media characteristics and container charac-
teristics. Furthermore, It would be desirable to have a method
and a device for automatically determining the parameters
when taking interface measurements.

Stated are a fill-level measuring device for determining the
position of a fill level of a feed material and/or of an interface
between two feed materials, as can, for example, be contained
in a container; a method for determining the position of a fill
level of a feed material and/or of an interface between two
feed materials; a program element and a computer-readable
medium according to the characteristics of the independent
claims. Developments of the invention are stated in the sub-
ordinate claims and in the following description.

According to a first aspect of the invention, a fill-level
measuring device for determining the position of a fill level of
a feed material and/or of an interface between two feed mate-
rials (for example in a container) is stated. The fill-level
measuring device comprises an echo-curve acquisition
device for acquiring at least one echo curve, an echo identi-
fication device for identifying at least two echoes in one or
several of the acquired echo curves, and a speed determina-
tion device for determining speed values of the at least two
echoes. Moreover, a device is provided, which may have a
“self-learning” ability and may, for this reason, also be
denoted as “self-learning” device”, and that is designed for
automatically determining a characteristic value relating to
the length of a dome shaft of the container (which may be
located in a crown area of the container), the container height
of the container, the permeability value of a feed material
and/or the permittivity value of a feed material. Moreover, the
self-learn device is designed for determining the characteris-
tic value with the use of at least one of the determined speed
values of the echoes.

In other words, with the use of one or several speed values
of the echo or echoes, the self-learn device can calculate the
length of the dome shaft, the container height, the permeabil-
ity value of the feed material or of one of the feed materials
and/or the permittivity value of the feed material or of one of
the feed materials.

According to a further aspect of the invention, a multiple-
echo detection device may classify at least one echo of a
multiple reflection from a feed material surface of a feed
material, from a fault location and/or from a container bottom
of the container in the echo curve as a multiple echo. To this
effect the self-learn device is designed for the use of at least
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one speed value of a multiple echo classified by the multiple-
echo detection device for determining the characteristic
value.

According to a further aspect of the invention, a bottom-
echo detection device may be designed for classifying at least
one echo of a reflection from a fault location and/or from a
container bottom in the echo curve as a bottom echo, wherein
the self-learn device is designed for using at least one speed
value of a bottom echo, classified by the bottom-echo detec-
tion device, or of an interface echo, for determining the char-
acteristic value.

Moreover, according to a further aspect of the invention,
the self-learn device may determine the product of the per-
meability value of the feed material and of the permittivity
value of the feed material by applying the following equation:

EM " UM
€L ML

\% 2
v

:(1+

wherein €,, denotes the permittivity value of the feed mate-
rial, €, the permittivity value of an overlay atmosphere, 1, ,the
permeability value of the feed material, 1, the permeability
value of the overlay atmosphere, V the speed of a bottom
echo, and V; the speed of a feed material echo.

According to a further aspect of the invention, it may also
be possible for the self-learn device to be designed for deter-
mining the container height of the container from an intersec-
tion of a speed vector of a feed material echo and of a speed
vector of a bottom echo.

According to a further aspect of the invention, the self-
learn device may be designed for determining the length of
the dome shaft of the container from at least one intersection
of the speed vectors of at least two multiple echoes.

According to a further aspect of the invention, the self-
learn device may be designed for determining the permittivity
value of the feed material and/or of a further medium in the
container by means of the speed values of the at least two
echoes.

For example, it may be possible for the self-learn device to
be designed for determining the permittivity value of the feed
material and/or of a further medium in the container by means
of the positions of the at least two echoes.

According to a further aspect of the invention, the fill-level
measuring device may be designed for determining the per-
mittivity value and the permeability value of the feed material
and/or of a further medium in the container by means of a
single transit time measurement.

According to a further aspect of the invention, a method for
determining the position of a fill level, of a feed material
and/or of an interface between two feed materials, for
example in a container, is stated, in which method in the first
instance at least one echo curve is acquired, and subsequently
one or several echoes in one or several of the acquired echo
curves is/are identified.

The above is followed by determining speed values of the
atleasttwo echoes. Furthermore, one or several characteristic
values are determined, which values relate to a length of the
dome shaft, a container height, a permeability value of a feed
material, or a permittivity value of a feed material. At least
one of the determined speed values of the echoes is used for
such determining.

According to a further aspect of the invention, a program
element is stated which, when executed on a processor of a
fill-level measuring device, instructs the processor to carry
out the steps described above and/or below.
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According to a further aspect of the invention, a computer-
readable medium for storing a program element is stated,
which program element, when executed on a processor of a
fill-level measuring device, instructs the processor to carry
out the steps described above and/or below.

At this point it should be noted that the characteristics
mentioned above and below, with regard to the fill-level mea-
suring device, may also be implemented as method-related
steps in the method according to the invention, and vice versa.

The program element also (referred to as the “computer
program element”) may form part of software that is stored on
aprocessor of the fill-level measuring device. In this arrange-
ment the processor can also be the subject of the invention.
Furthermore, this aspect of the invention comprises a com-
puter program element that from the very beginning uses the
invention, as well as a computer program element which by
way of an update causes an existing program to use the
invention.

Below, exemplary embodiments of the invention are
described by means of the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows a fill-level measuring device that operates
according to a transit time method.

FIG. 2 shows method-related steps for determining the fill
level according to a transit time method.

FIG. 3 shows a device for fill level measuring.

FIG. 4 shows an example of fill level measuring with mul-
tiple echoes.

FIG. 5 shows an example of fill level measuring in a dome
shaft.

FIG. 6 shows an example of fill level measuring without a
container cover.

FIG. 7 shows a fill-level measuring device according to an
exemplary embodiment of the invention.

FIG. 8 shows measuring cycles with a fill-level measuring
device according to an exemplary embodiment of the inven-
tion.

FIG. 9 shows a method for determining a length of the
dome shaft according to an exemplary embodiment of the
invention.

FIG. 10 shows a method for determining the container
height according to an exemplary embodiment of the inven-
tion.

FIG. 11 shows a fill-level measuring device for interface
measuring according to an exemplary embodiment of the
invention.

FIG. 12 shows interface measuring with a constant dis-
tance to an interface according to an exemplary embodiment
of the invention.

FIG. 13 shows interface measuring with a constant dis-
tance to a feed material surface according to an exemplary
embodiment of the invention.

FIG. 14 shows interface measuring with a constant thick-
ness of the upper medium according to an exemplary embodi-
ment of the invention.

DETAILED DESCRIPTION

The illustrations in the figures are diagrammatic and not to
scale.

If in the following description of the figures in different
figures the same reference characters are used, they designate
identical or similar elements. However, identical or similar
elements may also be designated by different reference char-
acters.
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It should be pointed out that the term “feed material echo”
equates to a multiple echo of the order of zero of the feed
material reflection.

Furthermore, it should be pointed out that the term “bottom
echo” equates to a multiple echo of the order of zero of the
eflection of the bottom of the container.

The explanations below concentrate on considering the
frequently-occurring application case of a single medium or
feed material to be measured in a container. The technical
teaching described below can be transposed to the application
case of two or several different media or feed materials in a
container. In the context of interface measuring, the position
of a feed material surface may, in particular, also be the
position of an interface between two different media or feed
materials, which position is identical to the position of the
feed material surface of the lower of the two feed materials or
media in a container for interface measuring.

In devices for fill level measuring, various methods can be
used according to which the position of a feed material sur-
face in a container can be determined.

FIG. 1 shows an arrangement for fill level measuring. The
container 100 contains a liquid 106 up to a fill height dz—d;.
The space 107 above the liquid contains, for example, air. In
the present example the liquid is covered by air as an overlay
medium.

By means of a high-frequency device 102 the fill-level
measuring device 101 generates an electromagnetic pulse
103 and couples itinto a suitable antenna 104, whereupon this
pulse propagates almost at the speed of light in the direction
of the feed material surface 105 to be measured. The precise
speed within the overlay medium results from:

Co

VeL UL

L=

wherein c, denotes the speed of light in a vacuum, €, the
permittivity value of the overlay medium, and y, the perme-
ability value of the overlay medium.

The feed material surface 105 reflects part of the incoming
signal energy, whereupon the reflected signal component
propagates back to the fill-level measuring device 101. The
non-reflected signal component penetrates the liquid 106, and
within it propagates at a greatly reduced speed in the direction
of'the container bottom. The speed c,, of the electromagnetic
wave 103 within the liquid 106 is determined by the materials
characteristics of the liquid 106:

o

Cy =
Ve - fm

wherein c, denotes the speed of light in a vacuum, €,, the
permittivity value of the liquid, and 1, , the permeability value
of the liquid. At the bottom 108 of the container 109 the
remaining signal component is also reflected and, after a
corresponding transit time, returns to the fill-level measuring
device 101. In the fill-level measuring device the incoming
signals are processed by means of the high-frequency device
102, and are preferably transformed to a lower-frequency
intermediate frequency range. By means of an analog/digital
converter unit 110, the analog echo curves, which are pro-
vided by the high-frequency device 102, are digitized and
made available to an evaluation device 111.

The above-mentioned components, which are used to pro-
vide a digitized echo curve, in other words in particular the
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high-frequency device 102 and the analog/digital converter
unit 110, may, as an example, define an echo-curve acquisi-
tion device.

The evaluation device 111 analyzes the digitized echo
curve and, on the basis of the echoes contained therein deter-
mines according to known methods that echo that was gen-
erated by the reflection from the feed material surface 105.
Furthermore, the evaluation device determines the precise
electrical distance to this echo. Furthermore, the determined
electrical distance to the echo is corrected in such a manner
that influences of the overlay medium 107 on the propagation
of' the electromagnetic waves are compensated for. The com-
pensated distance to the feed material, which distance has
been calculated in this manner, is conveyed to an output
device 112, which further processes the determined value
according to user specifications, for example by means of
linearization, offset correction, conversion to a fill height
dz—d;. The processed measured value is provided to the out-
side at an external communication interface 113. In this con-
text any of the established interfaces can be used, in particular
4.20 mA current interfaces, industrial fieldbuses such as
HART, Profibus, FF, or computer interfaces such as RS232,
RS485, USB, Ethernet, FireWire.

FIG. 2 again illustrates in detail important steps that in the
context of echo signal processing can be applied in the evalu-
ation device 111 for compensating the influences of various
media. Curve 201 in the first instance shows the echo curve
204 acquired by the analog/digital converter unit 110 over
time. The echo curve in the first instance contains the com-
ponent of the transmitting pulse 205 reflected within the
antenna. A short time later at the point in time t; a first echo
206 is acquired, which has been caused by the reflection of
signal components from the boundary surface 105 or surface
105 of the medium 106 in the container. A further echo 207
arises as the first multiple echo of the feed material echo 206;
it is acquired at the point in time t,,;. After the signal com-
ponents penetrating the medium 106 have moved through the
feed material 106, they are reflected from the container bot-
tom 108 and generate a further echo 208 within the echo curve
204. This bottom echo 208 is acquired at the point in time tz.
Furthermore, at the point in time t, a multiple echo 209 of
the bottom echo may be acquired.

In a first process step the time-dependent curve 201 is
transformed to a distance-dependent curve 202. During this
transformation it is assumed that the acquired curve has
formed exclusively as a result of propagation in a vacuum.
The ordinate ofthe diagram 201 is converted to a distance axis
by multiplication with the speed of light in a vacuum. Fur-
thermore, by applying an offset a situation is achieved in
which the echo 205 caused by the antenna 104 obtains a
distance value of 0 m. Furthermore, the distance values are
multiplied by the factor of 0.5 to compensate for the double
path to the feed material surface and back.

The second diagram 202 shows the echo curve as a func-
tion of the electrical distance D. The electrical distance cor-
responds to half the distance covered by an electromagnetic
wave in a vacuum in a defined period of time. The electrical
distance does not take into account any influences of a
medium, which influences may result in a slowdown in the
propagation of the electromagnetic waves. Curve 202 thus
represents a non-compensated-for echo curve which is, how-
ever, related to locations.

In this document the electrical distances are always desig-
nated by the upper case letter D, whereas physical distances,
which can be directly measured on the container, are desig-
nated by the lower case letter d.
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Furthermore, it may be possible to fully compensate the
echo curve 210. The third diagram 203 shows a fully-com-
pensated echo curve 211. In order to obtain a diagram of the
echoes over the physical distance, in the present case the
influence of the overlay medium 107 in the region between
the locations 0 and D;. (curve 202) need to be taken into
account. The electrical distance values of the abscissa
between 0 and D, need to be converted to physical distance
values according to the following correlation:

Since €; and i, for air in good approximation correspond to
the value 1, no correction needs to take place in relation to this
section in the present example. However, the electrical dis-
tance values of the abscissa greater than or equal to D, need to
be converted to physical distance values according to the
following correlation:

Di-D
d=dy+ 220D

EM KM

The third diagram 203 finally shows the corrected curve.
Both the distance to the echo 206 of the feed material surface
105 and the distance to the echo 208 generated by the con-
tainer bottom 108 agree with the distances that can be mea-
sured on the container 109. The distance to the multiple echo
207 of the feed material surface cannot be measured directly
on the container because the above compensation applies
only to direct reflections. The same applies to the multiple
echo 209 of the reflection on the container bottom 108.

Atthis stage it should be pointed out that the conversion in
curve 202, in other words determining the electrical distances
of various echoes, in the context of signal processing can
preferably be carried out in the device in relation to all the
echoes. Generally-speaking, conversion of the echo curve to
a compensated echo curve is not carried out, because correc-
tion of an individual distance value to the feed material sur-
face is sufficient.

FIG. 3 illustrates the use of an indirect or direct determi-
nation of the position of the feed material surface by means of
abottom echo. The container 301 shown is almost completely
full of feed material 302. In contrast to the container 109 of
FIG. 1, the fill-level measuring device 101 in the container
301 of FIG. 3 may be installed so as to be in a dome shaft 303.
A dome shaft may be a shaft by way of which the tank can be
filled. A dome shaft may also be implemented by an access
option for service personnel, a so-called manhole. Further-
more, it may also be possible to use a dome shaft for other
purposes. In the so-called dome at the apex of the tanks,
among other things the fill-level measuring device can be in
place.

Apart from the echo 305 generated by the antenna 104, the
echo curve 304 acquired by the fill-level measuring device
101 comprises only one multiple reflection E, ;| 306 from the
feed material surface 307 and the bottom echo 309 generated
by the container bottom 308. The echo generated by the
surface 307 of the medium cannot reliably be detected by the
acquired echo curve 304 since in the region of influence of the
antenna echo 305 said echo is completely covered by said
antenna echo 305. The distance d; to the feed material surface
cannot be determined in a conventional manner.
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The position of the feed material surface can be measured
indirectly so that the position d, of the feed material surface
can be determined according to the following equation from
the electrical distance Dy of the bottom echo:

_ dg-Vey-pu —Dp
Veuum —VeL -y

dr,

In a multitude of practical applications, because of the high
loss values of the signals in the medium, the bottom echo 309
in the echo curve can no longer be detected.

Furthermore, from the position of a multiple echo E, ;|
306 itis possible to deduce the position d; of the feed material
surface:

4 o D+ NeL-p N-dp
= SMp T NEL AL 7D
(L+N)-Ver-p

wherein N denotes the order of the multiple echo at the
distance D, ;.

Moreover, multiple echoes and bottom echoes can be
detected in that the speed values and/or the positions of sev-
eral echoes of an echo curve can be analyzed.

A knowledge of the permittivity values and permeability
values of the media contained in the container 301, as well as
aknowledge of the geometric dimensions of the container, in
particular of the length of the dome shaft d, and of the
expanded container height d; or of the container heightd, -d,,
is a basic prerequisite for carrying out indirect measuring.

FIG. 4 illustrates the physical correlations that may give
rise to the formation of multiple echoes.

The fill-level measuring device 401 generates an electro-
magnetic pulse 402 according to known methods and emits
this pulse 402 in the direction of the feed material surface 105
to be measured. The signal arrow 403 indicates the propaga-
tion of the signal as a function of the physical distance over
time. Part of the transmit signal is reflected from the surface of
the feed material 105 and after a corresponding transit time
returns to the fill-level measuring device. The signal path 404
illustrates this propagation path. Based on the received sig-
nals, the fill-level measuring device forms an echo curve 204
which, due to the signal paths 403 and 404, comprises a first
echo E; 206. A component of the signals is reflected anew, for
example from the container ceiling 405 or from the fill-level
measuring device 401, and propagates in the direction of the
feed material surface 105, which is indicated by the signal
arrow 406. This signal component is again reflected from the
feed material surface, and after a corresponding transit time
returns to the fill-level measuring device 401, where it is
acquired as the first multiple echo E,,, 207 of the feed
material reflection and is depicted in the echo curve 204;
signal path 407 illustrates the process.

Part of the radiated signal energy 402, which part is not
reflected from the feed material surface 105, penetrates the
medium 106 and within it continues to propagate 408 at
reduced speed in the direction of the container bottom 108. At
the container bottom the signal is reflected and after a corre-
sponding transit time returns to the fill-level measuring
device. The signal paths 409 and 410 illustrate the propaga-
tion of the signal on this path. It should be noted that the signal
propagates at different speeds in the various media, which in
the signal path diagram is evident by the different gradients of
the signal paths 409, 410. The fill-level measuring device
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receives the signal components reflected from the container
bottom and depicts them in the form of a bottom echo E; 208
in the echo curve 204. Analogous to the formation of multiple
echoes 207, 415 of the feed material reflection, under favor-
able conditions the formation of one or several multiple ech-
oes of the bottom echo can also be observed. The signal paths
411, 412, 413, 414 illustrate the formation of a first multiple
echo E,z, 209 of the bottom echo E; 208, which after a
corresponding transit time also forms in the echo curve 204
received by the fill level measuring device.

In principle it is possible to construct higher-order multiple
echoes. With regard to this the signal path diagram shows the
signal paths 417 and 418 that are suitable to generate a sec-
ond-order multiple echo E,;, 415 relative to the reflection
from the feed material surface. Corresponding higher-order
multiple echoes are also possible in relation to the reflection
from the container bottom. The average person skilled in the
art may not encounter any problems in transposing the aspects
of the present invention, which aspects are hereinafter pre-
sented by means of the multiple echoes of the first order, to
higher-order multiple echoes. The order of a multiple echo is
defined as the number of reflections of an emitted signal from
a media surface of a feed material to be measured in the
container, reduced by 1. According to this nomenclature, the
echo E; is identical to a multiple echo of the order of O,
whereas the echo E,,; | is identical to a multiple echo of the
first order.

Furthermore, mixed signal paths are also imaginable that
lead to further echoes within the received echo curves. Thus it
may, for example, be possible for the signal, after passing
along the signal path 406, to penetrate the medium and to
propagate in the direction of the container bottom. Further-
more, it may, for example, also be possible for part of the
signal energy, after passing along the signal path 411, to be
reflected from the feed material surface, and to propagate
again directly in the direction of the fill-level measuring
device. In the context of the present invention, mixed signal
paths should not be further considered because in practical
application they are almost irrelevant. However, the average
person skilled in the art may not encounter any problems in
transposing the aspects of the present invention, which
aspects are hereinafter presented by means of the multiple
echoes of the first order, to mixed multiple echoes. In the
present context mixed echoes are defined as echoes of an echo
curve that are caused by signal paths within which a signal
generated by the fill-level measuring device is reflected from
at least two different boundary surfaces of at least one feed
material to be measured in a container. The present example
does not contain a mixed multiple echo.

Consideration can be less extensive with the use of a fill-
level measuring device in a container with a dome shaft in
place. FIG. 5 shows an example of the use of the measuring
device 401 according to the invention in such a container 501.
The fill-level measuring device is not installed directly at the
height of the container ceiling 502; instead, it is situated in a
dome shaft 503 which, in contrast to the example of FIG. 4, in
FIG. 5 comprises a physical length of d,,>0. The installation
position of the fill-level measuring device in the dome shaft
massively influences the formation of multiple echoes. The
signal path diagram 504 illustrates the formation of multiple
echoes in the present case. The signal generated by the fill-
level measuring device in the first instance propagates
through the dome shaft 503 and the actual container to the
surface of the medium 505. Signal path 506 illustrates this
signal path. The medium reflects the signal, whereupon said
signal propagates in the direction of the fill-level measuring
device 401. Since the opening 513 of the dome shaft 503 is
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small inrelation to the container ceiling 502, only a very small
part of the signal is shown as a fill level echo E; 515 in the
echo curve 514.

The signal paths 507 and 508 illustrate this propagation
path. By far the larger part of the signal energy is reflected
from the container ceiling (signal path 509), and reaches the
feed material surface again. In this manner, after the signal
has passed along the signal paths 509, 510, and 511, a first
multiple echo E,,;, 516 is shown in the echo curve. The
interrelations presented in the context of dome shafts corre-
spondingly also apply to the higher-order multiple echoes,
which is indicated by the signal path 512; said interrelations
also apply to the multiple echoes of the bottom reflection.

Moreover, in industrial applications there are also constel-
lations which with the introduction of a negative length of the
dome shaft can be processed in an advantageous manner. FIG.
6 shows such an application case. The fill-level measuring
device 401 is installed above an open-top container 60,
wherein the entire measuring arrangement is, for example,
situated in a hall so that there may be a metallic flat roof 602
above the arrangement. In the course of signal processing of
the fill-level measuring device 401, the space between the
reference plane 603 of the fill-level measuring device 401 and
the hall roof 602 is taken into account as a negative length of
the dome shaft with a physical length of d,<0. Thus, in the
context of the present invention the application may comprise
a dome shaft, wherein the latter may comprise a negative
length. When measuring is subsequently carried out by the
fill-level measuring device 401, signal paths as shown in the
signal path diagram 604 result. The direct reflection from the
feed material surface, which is illustrated by the signal paths
605 and 606, is shown in the echo curve as a fill level echo E;
610. However, by far the greater part of the signal energy
propagates as far as the hall roof 602, is reflected by the
aforesaid, and after renewed reflection from the feed material
surface leads to the first multiple echo E,,;;, 611 within the
echo curve 612. The signal propagation that results in this
echo is indicated by the signal paths 607, 608 and 609.

In practical application the interrelationships described
above can lead to problems when measuring the fill level, in
particular in the case of indirect measuring. The demonstrated
methods for indirectly determining the position of a feed
material according to FIG. 3 require a precise knowledge of
some container characteristics such as the container height or
the length of the dome shaft, and moreover the information
relating to the permeability values and permittivity values of
the media contained in the container.

Apart from manual input of the required parameters by the
user, various methods for determining the values can be used.

Many of these methods determine the permittivity of a
medium from the positions, which have been determined by
measurement, of the feed material reflection and of the bot-
tom reflection. This approach is associated with disadvan-
tages in that it is necessary to know in advance the height of
the container and if applicable also the height of a dome shaft.
Furthermore, the determination is associated with consider-
able inaccuracies because the individual values, which have
been determined by measurement, can become falsified by
the effects of noise.

Furthermore, automated determination of the container
height is only possible if, apart from the permittivity of the
media in the container, the length of a possibly present dome
shaft is also known in advance.

Attempts at determining the permittivity by means of an
echo amplitude can be unreliable in practical application,
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because the amplitude of an echo can be massively compro-
mised by layers in the case of bulk materials, and by foam in
the case of liquids.

Many attempts at determining media characteristics and
container characteristics thus do not provide robust methods
which in the context of fill level measuring under real-life
conditions would result in improvements. Furthermore, by
means of the above-mentioned methods it is not possible to
carry out automatic determination of the parameters in the
context of interface measuring.

The block diagram of FIG. 7 shows an example of a fill-
level measuring device and a device for determining media
characteristics and container characteristics according to an
exemplary embodiment of the invention.

The fill-level measuring device 701 largely corresponds to
the fill-level measuring device 101 shown in FIG. 1, but it
differs from the devices used so far by a modified evaluation
device 702.

The evaluation device 702 may comprise, or consist of, an
echo identification device 7021, a tracking device 7022, a
speed determination device 7023, a multiple-echo and bot-
tom-echo detection device 7024, a decision-making device
7025, an echo measuring device 7026, as well as a self-learn
device 7027.

The echo identification device 7021 examines the echo
curve, which has been conveyed by the echo-curve acquisi-
tion device 102, 110 for echoes 205, 206, 207, 208, 209
contained in said curve. The tracking device 7022 undertakes
grouping of echoes from various measuring cycles in such a
manner that echoes caused by the same reflection location in
the container, and which echoes arise on the basis of identical
signal paths, are aggregated to form groups. On the basis of
these groups, which are also referred to as “tracks” it is
possible, for example, to reliably determine the speed of an
echo. The speed determination device 7023 determines at
least one key figure relating to the speed of the echoes of the
then current echo curve. The multiple-echo and bottom-echo
detection device 7024 classifies multiple echoes and bottom
echoes.

On the basis of the identified echoes, tracks and of the
classification, undertaken according to bottom echoes and
multiple echoes, the self-learn device 7027 may be in a posi-
tion to automatically learn media characteristics and con-
tainer characteristics. On the basis of all the values deter-
mined so far, the decision-making device 7025 may make a
decision as to which echo of the echo curve was generated by
the feed material reflection. With reference to the echo mea-
suring device 7026 the precise position of the echo can be
determined, for example with the use of automatically
acquired characteristic values of a medium or of a container in
the context of indirect measuring. Furthermore, influences of
an overlay medium can be compensated for.

The diagrams of FIG. 8 show a sequence of measuring
cycles as they could be carried out with a measuring device
701 according to the invention. At consecutive points in time
1<t <t,<ty<t,<ts the container 109 to be monitored is first
filled with a medium 106 and subsequently emptied again.
The echo curves 801, 802, 803, 804, 805, 806 acquired at the
respective points in time by a fill-level measuring device 701
according to the invention are charted directly beside the
diagram of the container at the respective point in time.

Apart from the antenna echo E |, the echo curve 801 of the
empty container 109 comprises 807 only an echo E, 808,
caused by the bottom, and a further multiple echo E; 809 of
the bottom reflection. These echoes are acquired by the echo
identification device, wherein at this point in time no classi-
fication of the echoes has taken place yet. The echoes are
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therefore preferably provided with different indices so that
they can be algorithmically further processed.

On the basis of the identified echoes E, 807, E, 808 and E,
809, in a further process step the tracking device 7022
attempts to place the identified echoes in a logical context
with echoes already identified earlier. Disclosures relating to
the implementation of a tracking method in the context of
fill-level measuring technology are provided, for example, in
WO 2009/037000. The tracking device 7022 of the fill-level
measuring device 701 may initialize a first track T, 831 onthe
basis of the antenna reflection E,.

Furthermore, a track T, 834 for tracing the bottom echo E,
808 and a track T , 835 for tracing the multiple echo E; 809 at
the point in time t=t, may be initialized.

Atthe point in time t=t, the container may be slightly filled.
The echo curve 802 acquired by the fill-level measuring
device is shown in FIG. 8. The tracking unit of the fill-level
measuring device 701 continues the already commenced
tracks T, 831, T, 834 and T, 835 with the echoes of the then
current measurement, which echoes originate from the same
reflection location in the container. Furthermore, for moni-
toring the newly-added fill level echo E5 812 a new track T,
832 is initialized.

In the further course of time the container is increasingly
filled. At the point in time t=t, the container may thus be half
full. Corresponding to the explanations provided in the con-
text of FIG. 2, at this state both a multiple reflection E,, 816
of the feed material surface and a multiple reflection E | , 818
of the container bottom is shown in the acquired echo curve
80. The newly added multiple reflection from the feed mate-
rial surface results in re-initialization of a track T, 833,
whereas the already existing tracks T, 831, T, 832, T, 834 and
T, 835 are continued with the echoes of the correspondingly
identical reflection position in the container.

The container, which is almost entirely full of medium 106,
is shown at the point in time t=t;. On the basis of the very
considerable loss of the measuring signals used by the fill-
level measuring device 701 within the medium 106 it may
now no longer be possible to acquire the first multiple reflec-
tion from the container bottom. However, the tracking
method is in a position to take into account the absence of this
echo, for example by inserting an invisible section 836 within
the track T, 835. The other tracks are expanded by the
acquired echoes of the echo curve 804 according to the above
description.

During subsequent emptying of the container the first mul-
tiple reflection E,; 827 of the container bottom makes a reap-
pearance at the point in time t=t,. The associated track T, 835
is continued again with the multiple echo of the bottom reflec-
tion. Furthermore, the existing tracks are expanded in the
known manner.

For each of the measuring cycles carried out at the points in
time t,<t, <t,<t;<t,<t5, a track list is present in the sensor,
which track list is provided by the tracking device 7022, and
which track list describes the then current tracks 83 at the
respective point in time. The track list may, for example,
comprise vectors that in relation to each track describe the
locations of the respectively associated echo. However, it may
also be possible to use a memory-optimized representation as
shown, for example, in EP 2 309 235 Al. The method pro-
posed therein also provides an option of dividing a track, in
other words a sequence of echoes with an identical reflection
origin, into sections of time in which the associated echo
comprises an almost constant speed.

In the context of further signal processing, preferably on
the basis of the tracks 831, 832, 833, 834, 835, an analysis for
multiple echoes and bottom echoes is carried out. This may
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result in a classification of the acquired echoes in such a
manner that the echoes of the tracks T, 833 are multiple
echoes of the respective echoes of the track T, 832, because
track T, moves consistently in the same direction as track T, .

Furthermore, the multiple-echo and bottom-echo detection 5

device 7024 may classify that the echoes of the track T,
describe the bottom of the container, because they move in a
push-pull manner in relation to the direction of movement of
the fill level echoes of the track T;.

Self-learning the permittivity value of the medium:

With the use of the information of an acquired fill level
track T, 832, which groups reflections from the feed material
surface, and of an associated bottom track T 834, which is
classified as such, which bottom track T 834 groups reflec-
tions from the container bottom, according to the invention
the self-learn device 7027 can deduce the relationship of the
characteristics of the medium 106 to that of the overlay atmo-
sphere 107:

Em UM
€L ML

Va2
vl

:(1+

wherein €,, and €, denote the permittivity values of the
medium and of the overlay atmosphere, and 1, ,and 1, denote
the permeability values of the medium and of the overlay
atmosphere. Furthermore, Vz denotes the speed of a bottom
reflection or of a bottom echo, and V; denotes the speed of a
feed material reflection or of a feed material echo or of a fill
level echo.

The speeds of the respective echoes can be determined by
means of the local gradient of the associated tracks T, 832 and
T, 834.

As an alternative, the speed V of an echo, of a track, or of
a reflection can be determined, according to the following
equation, from a position shift of the echo, track or the reflec-
tion between two different measuring cycles of the fill-level
measuring device:

_ Dg () — Dg(y)

VE
Lh-n

wherein the following apply:

D(t,) electrical distance to the echo, track or the reflection
in measuring cycle 2

Dg(t,) electrical distance to the echo, track or the reflection
in measuring cycle 1

t, point in time at which measuring cycle 2 is carried out
t, point in time at which measuring cycle 1 is carried out.

With the application of regression methods it is also pos-
sible to use several positions of the echoes of a track to
determine the speed of an echo. However, it may also be
possible to determine the speed relating to entire sections of a
track in which the speed of the echoes is almost constant. The
method described in EP 2 309 235 A1 can be used to trans-
form a track into sections of constant speeds. Furthermore, it
may be possible to determine the speed from a Doppler analy-
sis of the echoes.

Since in amultitude of applications the overlay atmosphere
is represented by air, the above correlation can approximately
be used for direct acquisition of the media characteristics of
the feed material:
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e -son = (1422

At this stage it should be pointed out that in contrast to
hitherto-used methods, no information whatsoever relating to
the height of the container or the length of the dome shaft is
required for determining the media characteristics. Further-
more, the above correlations can also be derived by means of
the speed ratios of the multiple reflections 833 of the feed
material and of the multiple reflections 835 of the container
bottom.

Self-learning the length of the dome shaft from the position
of two multiple echoes:

With the use of the position of an acquired multiple echo
E,za1 207 of the feed material reflection, which multiple
echo E, ; », 207 has been classified as such and is to comprise
anelectrical distance of D, 4, , and with the use of the position
of an acquired multiple echo E,; ..., which multiple echo
E, 7> has been classified as such and comprises an electrical
distance of D, ,,, according to the invention the self-learn
device 7027 can deduce the length d,, of a dome shaft 503,
613:

N +1)-Dype = (N2 +1)- Dy

b
Vep-p - (N —N2)

wherein N, denotes the order of the multiple echo at the
distance D, 4, and N, denotes the order of the multiple echo
at the distance D, .. If it is assumed that the feed material
echo is a multiple echo of the order of 0 with an electrical
distance of D, then, according to the invention, the self-learn
device 7027 can also determine the length of the dome shaft
by means of the feed material reflection in conjunction with a
further multiple reflection:

_ (Ni+1)-Dy—Dym

dp =
Vep-p Ny

If it is, furthermore, assumed that air is used as the overlay
atmosphere, then in good approximation v €,1,=1 results,
and consequently the above equations can be simplified
accordingly.

Self-learning the length of the dome shaft from the inter-
section of at least two speed vectors of multiple echoes:

FIG. 9 shows an example of a sequence of echoes in a fill
level measuring process according to the schematic of the
track diagram of FIG. 8. The fill-level measuring device may
consecutively identify various echoes that in the diagram may
be designated . The tracking device 7022 groups the
received echoes according to their reflection position. The
track T; 901, which groups the echoes of the feed material
reflection, the track T,,; ; 902, which groups the echoes of the
first multiple reflection from the feed material surface, and the
track T,,,, 903, which represents the echoes of the second
multiple reflection from the feed material surface, may be
fainted in this manner.

In a first advantageous process step the tracks may be
converted to track segments 904. Formation of the segments
takes place in such a manner that measurements in which the
echoes of a track move at (approximately) constant speed or
with an identical speed vector can be represented in a
memory-optimized manner by a mathematical straight line
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equation or by two supporting points 905, 906. Disclosures
for implementing this step are provided, for example, in EP 2
309 235 Al.

On the basis of the segment view of the tracks, by means of
the self-learn device 7027 the fill-level measuring device can
identify at least one segment pair 907, 908 that is valid in the
same time period, which segment pair 907, 908 is caused by
the same reflection position in the container, i.e. comprises a
multiple-echo relationship, and which at the same time in
each case comprises a gradient that is significantly greater
than zero. The gradient of a segment may be equivalent to the
speed of the echo on which the segment is based.

The identified segment pair 907, 908 is further investigated
within the self-learn device. In particular, the mathematical
straight line equations of the selected segments are deter-
mined in order to, on the basis of these equations, calculate
the intersection S of the two straight lines according to known
methods.

The distance D at which the two straight lines intersect
corresponds to the length of the dome shaft D, of the con-
tainer to be measured at that time. With the use of the mate-
rials characteristics of the overlay atmosphere, the electrical
length of the dome shaft D, can be converted to the physical
length of the dome shaft d,,. The following applies:

Dp

VeéL-Hr

dp =

If it is assumed that air is the overlay atmosphere, then the
electrical length of the dome shaft in good approximation
corresponds to the physical length of the dome shaft.

The above representation of a preferred embodiment illus-
trates the functionality of the method by means of forming a
track and track segments. Fundamentally, the principle of the
disclosed invention can also be implemented by means of
individual echoes that have been recognized by a classifica-
tion device as being multiple echoes. The mathematical
straight line equations describe the then current speed vector
of'the respective echoes, and in this case are defined in that the
straight lines must lead through the then current point of the
respective echo, which point may be defined by the respective
position and the then current point in time. Furthermore, the
gradient of the respective straight line is identical to the then
current speed of the respective echo. The straight line equa-
tions are thus precisely defined and make it possible to
achieve the mathematical calculation of the intersection S as
already disclosed above.

The speed of an echo can easily be determined by means of
the local gradient of the associated tracks. As an alternative,
the speed can be determined from a position shift of the
echoes of a track. By applying regression methods it is also
possible to use several positions of the echoes of a track in
order to determine the speed of an echo. However, it may also
be possible to determine the speed relating to entire sections
of'a track in which the speed of the echoes is almost constant.
Furthermore, it may be possible to determine the speed from
a Doppler analysis of the echoes.

At this stage it should be pointed out that it may not matter
which multiple echoes are used for the above-mentioned cal-
culation. It is, in particular, also possible to determine the
intersection S by means of a straight line 907, or of a speed
vector of the feed material echo and a straight line 908, or of
a speed vector of a multiple reflection from the feed material
surface. Furthermore, it may be possible to determine the
intersection S by means of a straight line 907 of a first mul-
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tiple reflection of the order N1 and of a straight line 908 of a
further multiple reflection of the order N2 from the feed
material surface. Moreover, in order to improve the accuracy
or for plausibility checks it may be possible to calculate a
multitude of intersections of different multiple reflections,
and to statistically evaluate the positions of the aforesaid, for
example by averaging or variance analyses.

Self-learning the container height from the intersection of
atleast one speed vector of a feed material echo and of at least
one speed vector of a bottom echo:

FIG. 10 again shows an example of a sequence of echoes in
a fill-level measuring process according to the schematic of
the track diagram of FIG. 8. The fill-level measuring device
according to the invention may consecutively identify various
echoes that in the diagram may be designated €p. The tracking
device 7022 groups the received echoes according to their
reflection position. The track T; 1001, which groups the ech-
oes of the feed material reflections, and the track T 1002,
which represents the echoes of the reflection from the con-
tainer bottom, may be formed in this manner.

In a first advantageous processing step the tracks may be
converted to track segments 1003. Formation of the segments
takes place in such a manner that measurements in which the
echoes of a track move at (approximately) constant speed or
with an identical speed vector can be represented in a
memory-optimized manner by a mathematical straight line
equation or by two supporting points 905, 90. Disclosures for
implementing this step are provided, for example, in EP 2 309
235 Al.

On the basis of the segment view of the tracks, by means of
the self-learn device 702 a fill-level measuring device accord-
ing to the invention can identify at least one segment pair
1004, 100 that occurs at the same time and that in each case
comprises a significant gradient greater than zero. Further-
more, precisely one 100 of the identified segments must be
caused by a reflection from the feed material surface 20, and
a further segment must be caused by a reflection from the
container bottom 20.

The identified segment pair 1004, 1005 is further investi-
gated within the self-learn device. In particular, the math-
ematical straight line equation of the selected segments is
determined in order to, on the basis of these equations, cal-
culate the intersection S of the two straight lines according to
known methods.

The distance D at which the two straight lines intersect
corresponds to the height D of the container to be measured
atthattime. With the use of the materials characteristics of the
overlay atmosphere, the electrical distance to the container
bottom Dy can be converted to the physical distance to the
container bottom dz. The following applies:

Dp

VeéL-Hr

dg =

If it is assumed that air is the overlay atmosphere, then the
electrical distance to the container bottom in good approxi-
mation corresponds to the physical distance to the container
bottom.

The above representation of a preferred embodiment illus-
trates the functionality of the method by means of forming a
track and track segments. Fundamentally, the principle of the
disclosed invention can also be implemented by means of
individual echoes that have been recognized by a classifica-
tion device as being a fill level echo or a bottom echo. In this
case the mathematical straight line equations are defined in
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that the straight lines must lead through the then current point
of the respective echo, which point may be defined by the
respective position and the then current point in time. Fur-
thermore, the gradient of the respective straight line is iden-
tical to the then current speed of the respective echo. The
straight line equations are thus precisely defined and make it
possible to achieve the mathematical calculation of the inter-
section S as already disclosed above.

The speed of an echo can easily be determined by means of
the local gradient of the associated tracks. As an alternative,
the speed can be determined from a position shift of two
echoes of a track. By applying regression methods it is also
possible to use several positions of the echoes of a track in
order to determine the speed of an echo. However, it may also
be possible to determine the speed relating to entire sections
of'a track in which the speed of the echoes is almost constant.
Furthermore, it may be possible to determine the speed from
a Doppler analysis of the echoes.

In addition, at this stage it should be pointed out that it may
not matter which pair of a feed material reflection and a
bottom reflection is used for the above-mentioned calcula-
tion. Furthermore, it may be possible to determine the inter-
section S by means of a straight line 1005, a first multiple
reflection from the container bottom, and a straight line of a
further multiple reflection from the container bottom,
wherein the order of the multiple reflections differs. More-
over, in order to improve the accuracy or for plausibility
checks it may be possible to calculate a multitude of intersec-
tions of different multiple reflections from the container bot-
tom, and to statistically evaluate the positions of the afore-
said, for example by averaging or variance analyses.

Self-learning the permittivity values of several media in
interface measuring by means of the speeds of at least two
echoes:

Fill level sensors that determine the position of a feed
material surface according to a transit time method are
increasingly also used for determining the position of an
interface. FIG. 11 shows such an application case of a fill-
level measuring device. The container 1101 is filled with a
lower medium 1102 to a distance d,, wherein the materials
characteristics of said medium 1102 may be denoted by €
and L. Furthermore, the container 1101 is filled with an
upper medium 1103 to a distance d;, wherein the materials
characteristics of said medium 1103 are to be characterized
by €;, and ;. The overlay atmosphere 1104 may comprise the
materials characteristics €, and 1. Apart from the fill level
echo E; 1106 generated by the upper medium 1103, and the
bottom echo E; 1108 generated by the container bottom, the
echo curve 1105 acquired by the fill-level measuring device
comprises an interface echo E; 1107 generated by the inter-
face 1109, which interface echo E; 1107 may comprise an
electrical distance of D,.

According to the state of the art the echoes of each acquired
echo curve are identified by the echo identification device
7021, whereupon the tracking device 7022 may, for example,
establish three tracks. A firsttrack T; may group the echoes of
the feed material surface 1110; a further track T, may repre-
sent the echoes of the interface 1109. Furthermore, a third
track Tz may be acquired which aggregates the echoes of the
container bottom.

In interface installations, multiple echoes of the feed mate-
rial surface can be identified according to known methods.
The length of the dome shaft 1111 can be determined by an
analysis of two multiple reflections from the feed material
surface according to the principle presented above. Moreover,
in particular measuring situations, it is possible, when taking
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interface measurements, to obtain knowledge about the char-
acteristics of the lower medium 1102 and about the upper
medium 1103.

With reference to a track diagram, FIG. 12 shows a first
special measuring situation that is used by the fill-level mea-
suring device 701 according to the invention, and therein in
particular in the self-learn device 7027, in order to gain
knowledge about the characteristics of the media in the con-
tainer.

Inthe shown period of time between t=t, ,, and t=t=t, ,, the
track T, of the interface echo 1107 has (approximately) the
same gradient as has the track T of the bottom echo 1108. In
other words, in the period of time under consideration the
bottom echo and the interface echo have the same speed. The
speed of the echoes can easily be determined by means of one
of the methods described above.

From these circumstances the self-learn device 7027 con-
cludes that the physical distance d, to the feed material sur-
face 1110 changes at that time, whereas the physical distance
d, to the interface surface 1109 remains constant.

In this special situation of a stationary nature of the inter-
face layer, the following correlation can be determined from
the then current speed V, of the feed material reflection 1106,
1206, from the speed V,of the interface reflection 1107, 1205
and from the speed V of the bottom reflection 1108, 1204:

. V, 2
o =17
2

=(+f52)

wherein the following apply:

€, permittivity value of the upper medium 1103

1, permeability value of the upper medium 1103

€, permittivity value of the overlay atmosphere 1104, and

L, permeability value of the overlay atmosphere 1104.

In the often encountered case where the overlay atmo-
sphere consists of air, consequently in good approximation
the following applies to the characteristics of the upper
medium 1102:

)

Va2
=41

On the basis of this materials characteristic it is from now
on possible to convert the electrical distance D, of the inter-
face to a physical distance d,.

The required speed values can be determined according to
any of the methods described above by means of a corre-
spondingly designed speed determination device 7023.
Determining the speed by means of a segment diagram of the
tracks, shown in FIG. 12, may be particularly advantageous.

By means of a track diagram, FIG. 13 shows a second
special measuring situation that is used by the fill-level mea-
suring device 701 according to the invention, and therein in
particular in the self-learn device 7027, in order to gain
knowledge about the characteristics of the media in the con-
tainer.

In the shown period of time between t=t,;, and t=t, 5, the
track T, of the interface echo 1107 has a gradient other than 0.
The track T of the bottom echo 1108 also comprises a gra-
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dient other than 0, whereas the track T, of the fill level echo
1106 comprises a gradient of (approximately) 0. In other
words, in the period of time under consideration the bottom
echo and the interface echo show a pronounced movement,
i.e. their speed is greater than 0, whereas the speed of the fill
level echo is 0. The speed of the echoes can easily be deter-
mined by means of one of the methods described above.

From these circumstances the self-learn device 7027 con-
cludes that the physical distance d; to the feed material sur-
face 1110 does not change at that time, whereas the physical
distance d, to the interface surface 1109 is subject to changes.

In this special situation of a stationary nature of the feed
material surface, the following correlation can be determined
from the then current speed V; of the feed material reflection
1106, 1206, from the speed Vof the interface reflection 1107,
1205, and from the speed V of the bottom reflection 1108,
1204:

€p"UB

Ve 2
o = (1w

v

:(1+

wherein the following apply:

€ permittivity value of the lower medium 1102

Lz permeability value of the lower medium 1102

€, permittivity value of the upper medium 1103, and

1, permeability value of the upper medium 1103.

If the media characteristics €1, of the upper medium have
been determined in advance, then it is possible to directly
deduce the materials characteristics €z, of the lower
medium, with such deduction being independent of the char-
acteristics of the overlay atmosphere.

The required speed values can be determined according to
any of the methods described above by means of a corre-
spondingly designed speed determination device 7023.
Determining the speed by means of a segment diagram of the
tracks, as shown in FIG. 13, is particularly advantageous.

Furthermore, by means of a track diagram, FIG. 14 shows
athird special measuring situation that is used by the fill-level
measuring device 701 according to the invention, and therein
in particular in the self-learn device 7027, in order to gain
knowledge about the characteristics of the media in the con-
tainer.

In the shown period of time between t=t, ,, and t=t,, the
track T, of the fill level echo 1106 has (approximately) the
same gradient as has the track T, of the interface echo 1107,
wherein both tracks have a gradient other than 0. The track T
of'the bottom echo 1108 also comprises a gradient other than
0. In other words, in the period of time under consideration
the fill level echo and the interface echo show a pronounced,
uniform, movement at the same speed, i.e. they both move at
the same speed greater than 0. The speed of the echoes can
easily be determined by means of one of the methods
described above.

From these circumstances the self-learn device 7027 con-
cludes that the physical thickness of the upper medium
remains constant in the period of time under consideration:

dy—d=const.

In this special situation of a constant thickness of the upper
medium, the following correlation can be determined from
the then current speed V, of the feed material reflection 1106,
1206, from the speed V; of the interface reflection 1107, 1205,
and from the speed V5 of the bottom reflection 1108, 1204:
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In the often encountered case where the overlay atmo-
sphere consists of air, consequently in good approximation
the following applies to the characteristics of the upper
medium 1102:

ot =(1+[53)

Ve 2
=(1+1%])

On the basis of this materials characteristic it is from now
on possible, by measuring the reflection from the container
bottom, to indirectly deduce the position of the feed material
surface or the position of the interface surface.

The required speed values can be determined according to
any of the methods described above by means of a corre-
spondingly designed speed determination device 7023.
Determining the speed by means of a segment diagram of the
tracks, as shown in FIG. 14, is particularly advantageous.

Self-learning the permittivity values of several media in
interface measuring by means of the positions and the speeds
of at least two echoes:

The hitherto disclosed methods for determining media
characteristics in interface measuring require at least one of
the three constellations, described above, of the special filling
or emptying of a container. Moreover, it is, however, also
possible, by incorporating the positions of the individual ech-
oes, to derive a generally-valid correlation according to which
the media characteristics or materials characteristics of the
feed materials 1102, 1103 in a container can be calculated.

Starting from the circumstances as shown in FIG. 11, for
interface measurements the following can be derived to be
universally valid from the physical principles of the electrical
distances and the speeds of the acquired echoes:

D;-Dy, ?
V-Vi+ (Vp—Vp)
o = Dp - Dy
#= (d DL ] ViV Vi
5 — .
Vep-pup ) Pe=Di Nep -y
and furthermore:
Dg - Dy 2
€ HB =
[(d Dy ]+ Ve —Nerp
s — Dy,
\/El'ﬂl \/EL'ﬂL'EI'ﬂI

wherein the following apply:
€ permittivity value of the lower medium 1102
Lz permeability value of the lower medium 1102
€, permittivity value of the upper medium 1103
1, permeability value of the upper medium 1103
€, permittivity value of the overlay atmosphere 1104
1, permeability value of the overlay atmosphere 1104
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Dy electrical distance to the echo Ez 1108 of the container

bottom

D; electrical distance to the echo E; 1107 of the interface

1109
D, electrical distance to the echo E; 1106 of the surface
1110

Vg speed of the echo Ex 1108 of the container bottom

V, speed of the echo E,; 1107 of the interface 1109

V; speed of the echo E; 1106 of the surface 1110, and

ds distance from the fill-level measuring device to the

container bottom.

The distance d from the fill-level measuring device to the
container bottom can be entered in the context of initial opera-
tion, for example by the customer, and is thus known. Fur-
thermore, in the case of devices operating according to the
principle of the guided microwave, this distance corresponds
to the length of the cord or of the probe along which the
microwaves are guided to the medium, and for this reason the
value can already be preset in the factory. Moreover, in a
multitude of applications, air is used as the overlay atmo-
sphere, which results in Ve .1, in the above equations being
able to be replaced in good approximation by the value of 1.

The required speed values can be determined according to
any of the methods described above by means of a corre-
spondingly designed speed determination device 702. Deter-
mining the speed by means of a segment diagram of the
tracks, as shown in FIG. 14, is particularly advantageous.

With the use of the above equations it is, for the first time,
possible also in interface equipment to automatically acquire
the permittivity values and the permeability values of the
media contained in the container by means of a single transit
time measurement. From now on the values can be used for
converting the electrical distances to the associated physical
distances. Furthermore, indirect measurement of the fill level
is possible with a knowledge of the materials characteristics.

In the present invention different methods for determining
container characteristics and/or media characteristics with
the use of a fill-level measuring device according to the inven-
tion are presented. Many methods share the common feature
of classification or evaluation of echoes as multiple echoes or
bottom echoes having to be carried out in advance. After this
classification has been carried out, predominantly with the
use of the speeds of individual echoes or a group of echoes,
characteristic values of the container and/or of the media
contained therein can be derived. In this context it is possible
for the determination of the speed of an echo to take place in
various ways, in particular according to the methods
described in this disclosure.

Furthermore, it should be noted that the present technical
teaching is equally suited to fill level measuring according to
the FMCW principle as it is to fill level measuring according
to the principle of the guided microwave, the ultrasound prin-
ciple, the laser principle, or any other transit time method.

In the present description it is assumed that the analysis of
the media characteristics can only provide the product of the
permeability value and of the permittivity value of the
medium in question. Since for the majority of media in good
approximation the permeability value can be set to one, all the
methods described can in good approximation also be used
for directly acquiring the permittivity value of a medium.

Furthermore, determining the length of the dome shaft and
of'the container height is described. At this stage it should be
pointed out that within signal processing of the sensor, both
values can be slightly different from the physical values that
can be checked by measuring. For one thing the zero point of
the sensor can be changed by parameterization. Furthermore,
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for example, the height of a container in one application
including a dome shaft installed thereon can be defined, while
in other applications, for example in the case of a negative
length of the dome shaft, this definition may not make sense
in this manner. Thus, in the context of the present invention,
numeric values should be defined that have some relationship
with the physical values, and by means of which numerical
values special methods, in particular indirect measuring of
the feed material layer, can be implemented.

In addition, it should be pointed out that “comprising” does
not exclude other elements or steps, and “a” or “one” does not
exclude a plural number. Furthermore, it should be pointed
out that characteristics or steps which have been described
with reference to one of the above exemplary embodiments
can also be used in combination with other characteristics or
steps of other exemplary embodiments described above. Ref-
erence characters in the claims are not to be interpreted as
limitations.

The invention claimed is:

1. A fill-level measuring device for determining a position
of at least one of (a) a fill level, (b) a feed material and (c¢) an
interface between two feed materials in a container, wherein
fill-level measuring device is configured to emit electromag-
netic or acoustic waves in a direction of a feed material
surface, comprising:

an echo curve acquisition device configured to acquire at
least one echo curve based a received signal from the
emitted electromagnetic or acoustic waves;

an echo identification device configured to identify at least
two echoes in the at least one echo curve; and

a speed determination device configured to determine
speed values of the at least two echoes;

wherein the fill-level measuring device is further config-
ured to automatically determine a characteristic value
relating to (a) a length of a dome shaft of a dome
arranged in an apex region of the container, (b) a con-
tainer height of the container, (¢) a permeability value of
a feed material, and/or (d) a permittivity value of a feed
material, and

wherein the fill-level measuring device is further config-
ured to automatically determine the characteristic value
with the use of at least one of the determined speed
values of the echoes.

2. The fill-level measuring device according to claim 1,

further comprising:

a multiple-echo detection device configured to classify at
least one echo of'a multiple reflection from at least one of
(a) a feed material surface, (b) a fault location and (c) a
container bottom in the echo curve as a multiple echo,

wherein the fill-level measuring device is further config-
ured to automatically determine the characteristic value
with the use of at least one speed value of a multiple
echo, classified by the multiple-echo detection device,
for determining the characteristic value.

3. The fill-level measuring device according to claim 1,

comprising:

a bottom-echo detection device configured to classify at
least one echo of a reflection from at least one of (a) a
fault location and (b) a container bottom in the echo
curve as a bottom echo,

wherein the fill-level measuring device is further config-
ured to automatically determine the characteristic value
with the use of at least one speed value of a bottom echo,
classified by the bottom-echo detection device, or of an
interface echo, for determining the characteristic value.

4. The fill-level measuring device according to claim 3,
wherein the fill-level measuring device is further configured
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to determine a product of the permeability value of the feed
material and the permittivity value of the feed material by
applying the following equation:

Em UM
€L ML

Va2
vl

:(1+

wherein €,,denotes the permittivity value of the feed mate-
rial,e; the permittivity value of an overlay atmosphere,
W, the permeability values of the feed material, i, the
permeability values of the overlay atmosphere, V the
speed of a bottom echo, and V, the speed of a feed
material echo.

5. The fill-level measuring device according to claim 1,
wherein the fill-level measuring device is further configured
to determine determines the container height from an inter-
section of a speed vector of a feed material echo and a speed
vector of a bottom echo.

6. The fill-level measuring device according to claim 1,
wherein the fill-level measuring device is further configured
to determine the length of the dome shaft from at least one
intersection of the speed vectors of at least two multiple
echoes.

7. The fill-level measuring device according to claim 1,
wherein the fill-level measuring device is further configured
to determine the permittivity values of at least one of (a) the
feed material and (b) a further medium in the container by
means of the speed values of the at least two echoes.

8. The fill-level measuring device according to claim 7,
wherein the fill-level measuring device is further configured
to determine the permittivity values of at least one of (a) the
feed material and (b) a further medium in the container by
means of the positions of the at least two echoes.

9. The fill-level measuring device according to claim 1,
wherein the device is further configured to determine the
permittivity values and the permeability values of at least one
of (a) the feed material and (b) a further medium in the
container by means of a single transit-time measurement.

10. A method for determining, using a fill-level measuring
device, a position of a fill level of at least one of (a) a feed
material and (b) an interface between two feed materials,
comprising the steps of:

emitting, using the fill-level measuring device, electromag-

netic or acoustic waves in a direction of a feed material
surface;

acquiring, using an echo curve acquisition device of the

fill-level measuring device, at least one echo curve based
a received signal from the emitted electromagnetic or
acoustic waves;

10

20

25

30

40

45

50

24

identifying, using an echo identification device of the fill-
level measuring device, at least two echoes in the at least
one echo curve;
determining, using a speed determination device of the
fill-level measuring device, speed values of the at least
two echoes; and
automatically determining, using the fill-level measuring
device, a characteristic value relating to (a) a length of a
dome shaft of a dome arranged in an apex region of a
container, (b) a container height of the container, (c) a
permeability value of a feed material, and/or (d) a per-
mittivity value of a feed material;
wherein in the automatically determining step, at least one
of the determined speed values of the echoes is utilized.
11. A program element stored in a non-transitory com-
puter-readable medium, wherein the program element, when
executed on a processor of a fill-level measuring device,
instructs the processor to carry out the following steps:
emitting electromagnetic or acoustic waves in a direction
of a feed material surface;
acquiring at least one echo curve based a received signal
from the emitted electromagnetic or acoustic waves;
identifying at least two echoes in the at least one echo
curve;
determining speed values of the at least two echoes; and
automatically determining a characteristic value relating to
(a) a length of a dome shaft of a dome arranged in an
apex region of a container, (b) a container height of the
container, (c) a permeability value of a feed material,
and/or (d) a permittivity value of a feed material;
wherein in the automatically determining step, at least one
of the determined speed values of the echoes is utilized.
12. A non-transitory computer-readable medium for stor-
ing a program element which, when executed on a processor
of a fill-level measuring device, instructs the processor to
carry out the following steps:
emitting electromagnetic or acoustic waves in a direction
of a feed material surface;
acquiring at least one echo curve based a received signal
from the emitted electromagnetic or acoustic waves;
identifying at least two echoes in the at least one echo
curve;
determining speed values of the at least two echoes; and
automatically determining a characteristic value relating to
(a) a length of a dome shaft of a dome arranged in an
apex region of a container, (b) a container height of the
container, (c) a permeability value of a feed material,
and/or (d) a permittivity value of a feed material;
wherein in the automatically determining step, at least one
of the determined speed values of the echoes is utilized.
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